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Abstract 
The distributed water quality model is developed for simulating chemical oxygen demand of the spatial distribution law of non-point 
pollution by livestock. Statistical data by government department is a traditional method to get non-point pollution data, while it 
contains much uncertainty. This paper focuses on the relation between hydrological cycle and pollutants into the river and plots a 
figure for simulation of non-point pollution by livestock by GIS, which can display that where is high-density of non-point pollution 
by livestock. The analysis is useful to guide the water environment pollution prevention and treatment after the pollutant in high-
density area is cut from water function area. 
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Introduction  
Songhua River is one of the seven largest river basin in china, which has 56.12 km2 and flows through Heilongjiang, 
Neimenggu, Jilin, Liaoning four provinces (autonomous regions) including 26 cities and 10 water level 3 areas. The 
Songhua River has three stream segments. One is called Nenjiang River from north to south and gradually reduces from 
mountains to the hills, towards to plain, forming a vast plain area called Songnen plain. Another is called the Second 
Songhua River, which is higher in southeast than that in northwest. Southeastern is mountainous with good vegetation 
and much forest resources besides rich and conservational water resources. There is the famous scenic spot Changbai 
Mountain. The Second Songhua River and Nenjiang River join in the mainstream of Songhua River together then flow 
in Heilongjiang River.  
In 2000, the emission of chemical oxygen demand(abbreviation is COD) belonging to non-point pollution is about 5.43 
million tons, including 89% of non-point pollution by livestock and COD non-point pollution which flows into river is 
328 thousand tons. Thus, non-point pollution by livestock gradually becomes important influence factors of water 
environment quality in some district. It must be strengthen to control non-point pollution discharged by livestock and 
ensure that water environment quality is clean for drinking. Non-point pollution by livestock emissions on the surface 
but travels by surface runoff. The place where it emissions is not necessarily where it flows into the river sites. Previous 
method is to get information by actual investigation, which is difficult for judge position where is non-point pollution 
by livestock flowing into river. This paper makes a distributed water quality model to build the relation between 
emission load and flowing into river load and spatial distribution which can show by GIS figure intuitively. Find out the 
spatial distribution law of the contribution rate of non-point pollution by livestock and draw up the plan to control the 
pollutants. 
Methods 
This paper focuses on making a distributed water quality model to simulate the spatial distribution of emissions and the 
process of pollutants flowing into river. It can simulate seven different paths of pollutants including point by industry, 
point by urban lives, non-point by surface runoff, non-point by pesticide and fertilizer, non-point by rural lives, non-
point by soil erosion and non-point by livestock, and two indexes including COD and ammonia nitrogen. This paper 
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simulates COD of non-point pollution by livestock. Non-point pollution by livestock is randomly and uncertainly 
spatial distribution. This model is based on the information of pollution source and spatial distribution of social 
economic information and simulation of hydrological conditions as input. It builds a suitable method for Songhua River 
Basin to simulate water quality process with long series data. It is verified by data from water quality monitoring 
stations. Eventually it can output spatial distribution of pollutants figure (see figure 1).  
 
Fig1. Distributed water quality model structure flowchart 
Distributed water quality model is built in WEP-L model in order to adapt to the Songhua River Basin’s super-large area. 
The dualistic water cycle model, WEP-L model, which comprehensively considers the nature water circulation and the 
social water circulation in the area intensely impacted by human activities, is based on water and energy transfer 
processes (WEP) model. It uses the contour bands inside small sub watersheds, rather than grid of cells, as the 
computation units. Using 1km DEM (digital elevation model) and digital river information, the Songhua River Basin is 
divided into topologically 11136 sub watersheds and is encoded by Pfafstetter watershed coding rules[1]. The Songhua 
River Basin has three main part of input information:  
(A) Simulate surface runoff by distributed hydrological model month by month  
(B) Simulate spatial distribution of pollutant emissions by distributed water quality model[2]   
(C) Monitoring data from water quality monitoring stations  
Non-point pollution by livestock calculates as followed: 
 
Which is:  is non-point pollution by livestock, is big livestock amount, is small livestock amount,  is big livestock feces 
quantity,  is small livestock feces quantity,  is discharge coefficient of big livestock,  is discharge coefficient of small 
livestock. 
Non-point pollution by livestock cannot simply build an equal with some coefficients. Considering precipitation, 
surface runoff, land use and soil type, it must be a comprehensive equal with physical mechanism as month time scale. 
Also it must be consider monthly partition coefficient of surface runoff. The formula is as follows:  
Which is:  is pollutants flowing into river in i sub watershed,  is pollutant emission,  is ground launched attenuation 
coefficient,  is monthly partition coefficient, j is pollutant source type.  
Calibration indicators include: (A)The average monthly pollution load relative error (Re) is as small as possible; (B) 
Pearson correlation coefficient of simulation and observation flow is as large as possible; (C) Nash - Sutcliffe efficiency 
is as large as possible; (D) MSEQ[3] is  as small as possible.  
Cases study 
Songhua River Basin is divided into 11136 sub watersheds in order to be applied to distributed water quality model 
continuously simulating water quality processing from 1995 to 2006. Choose water quality monitoring stations which 
are Jiangqiao, Fuyu, Harbin Stations in Nenjiang River, the Second Songhua River and the Songhua River mainstream 
respectively. Precipitation and surface runoff flow process curve [4]and contrast diagram of simulating and monitoring 
of pollutant load which can explain the correlation among pollutant load, precipitation and surface runoff in Harbin 
stations are as follows: 
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Fig2. Precipitation and surface runoff process curve in Harbin station 
 
 
Fig3. Contrast diagram of water quality load simulated and monitoring data month by month in Harbin station 
Contrast diagram of water quality load simulated and monitoring data month by month in Harbin station is a multi-scale 
curve with much process on pollution load. It shows that from July to September yearly appear pollution load peak on 
the curve. The pollution load curve is similar with surface runoff process curve. Pollutant into river in the flood season 
is much more than that in the non-flood season. Winter surface runoff of Harbin is less due to regional climate of frozen 
river. Although pollutant emission is going, pollutants into river is lack of two necessary conditions. That means no 
surface runoff no pollutant flowing into river. While in the flood season, the river is forced to receive much pollutant 
which is not from this period so that water quality is rapidly deteriorating. The simulating COD load results from 
Distributed water quality model (see figure 3) indicate that Nash coefficient is 0.168, MSEQ is 1.34, the relative error 
below 80% reaches 55.6% and Correlation coefficient is 0.431, which mean the model is basically applied to simulate 
Songhua River Basin water quality process. Distributed water quality model is applied to simulate Songhua River Basin 
water quality process by verifying and spatial distribution law is correct as well. (see figure 4) . The Second Songhua 
River Basin is high-dense pollution with about 15 tons per km2. High-dense COD pollutants in 2000 are distributed in 
Changchun, Jilin, Songyuan etc.  
The Songhua River Basin has 319 water functional areas, which reach the standard about 30% in 2000 with the same 
conclusion as investigation. Choosing 2005 as level years, cut proposition of non-point pollution by livestock is 8.74%, 
53.09% and 20.51% in Nenjiang, the Second Songhua and mainstream respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Spatial distribution of non-point pollution by livestock into Songhua river basin (2006). 
 
Contrast diagram of water functional areas before and after cutting (see table 1). 
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Tab1 Cut proportion of water functional area for being up to standard 
Water 
resource level 
2 
Time interval 
Before 
cutting 
(%) 
After 
cutting 
(%) 
Nenjiang 
River Basin 
annual average 38.2 44.9 
flood season 23.5 31.9 
non-flood season 40.8 47.7 
the Second 
Songhua River 
Basin 
annual average 22.9 35.9 
flood season 25.7 39.7 
non-flood season 27.1 48.7 
Songhua River 
Basin 
mainstream 
annual average 29.4 30.5 
flood season 16.5 34 
non-flood season 30.6 44.7 
 
Discussions  
(A) Distributed water quality model is built on WEP-L distributed hydrological model. It is suitable for large basin 
scale and can simulate water pollution process month by month. Our proposed model with physical mechanism is 
verified through experimental study, such as farmland transform and migration rule research [ ], pollutants tracking 
technology experiment, river dynamics simulation experiment etc. Input data is valid from “2000 integrated water 
resources planning evaluation report”,“environmental yearbook”, “statistical yearbook” and surface water quality 
monitoring results.  
(B) Non-point pollution by livestock into river is closely related to surface runoff. By verifying model can simulate 
pollutant spatial distribution law of livestock. Through GIS figure water environment managers can intuitively realize 
that where are affected seriously by non-point pollution by livestock and propose cut planning of pollutant. Shoot the 
arrow at the target in water environment management.  
(C) It is proved that distributed water quality model is applied to simulate water quality process of Songhua River 
Basin. After cutting pollutants for some areas, the whole basin with up to the standard has been improved. It is feasible 
for water environment management. 
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